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determine whether neutrophil  cytosolic  factor 1 (NCF1)  and 


























































Distinctive facial appearance of persons with WBS. Young child with WBS at 15 months (A) and 3 years (B). Note subtle characteristic facial fea-
tures including wide mouth, full cheeks, long philtrum, small nose, and delicate chin. (C) At left, the same individual depicted in A and B at 21 years 
of age. At right, another individual with WBS at 28 years of age. Note persistence of wide mouth, full lips, and delicate chin in adults with WBS.
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The WBS critical region. The chromosome 7q11.23 
microdeletion, with the loss of 26–28 genes, that is 
responsible for WBS. Selected genes are labeled. 
Duplicons predispose to NAHR. More than 90% 
of WBS patients have the ~1.55-Mb pair deletion 
extending from FKBP6 to GTF2I, while approxi-
mately 5% have the slightly larger deletion of 1.84-
Mb pairs. Very rare patients have atypical deletions 
smaller than the common deletion. Schematics of 
atypical deletions are shown on right and include 
a very small deletion encompassing ELN and an 
adjacent gene; a typical centromeric breakpoint 
but not the common telomeric breakpoint; and a 
typical telomeric breakpoint but not the typical cen-
tromeric breakpoint. Not all genes are shown; see 
ref. 20 for a complete list of genes. WBSCR, WBS 
critical region.
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but  no  relationship was  found between  blood pressure  and 
patients  reported  to be  frequently anxious  (59). Others have 
pointed out that “white coat” hypertension, defined as elevated 
office blood pressure but normal ambulatory blood pressure 













































CV clinical findings in patients from nine selected seriesA
Clinical findingB Combined  Range of  
 prevalence (%) prevalence 
(%)C
Any CV disease 84 53–100
SVAS 69 28–100
Pulmonary arterial stenosis 34 0–83
Hypertension 17 3–30
Mitral valve disease 15 4–43
Coarctation of aorta 4 0–19
Aortic hypoplasiaD 2 0–14
Pulmonary valve disease 5 0–47
Aortic valve disease 3 0–11
ARefs. 36–44; n = 423. BSome patients had multiple abnormalities. 
CRange of prevalence for all series combined. DSevere diffuse hypopla-
sia, or abdominal coarctation.
Figure 3
Aortogram in a 4-year-old individual with WBS. SVAS (arrowhead) and 
mild narrowing of the proximal left main coronary artery (arrow) are 
shown. The gradient measured at catheterization was 40 mmHg.
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Elastin haploinsufficiency as a cause of CV disease






























Vascular abnormalities in WBS and in animal models of elastin deficiency. Aortic sections from a 2-year-old healthy donor (A and C) and from 
an age-matched WBS patient with severe SVAS (B, D, and E) were stained with Movat’s pentachrome stain to visualize elastic lamellae (black). 
A nonstenotic segment of the WBS aorta shows relatively preserved lamellar architecture but greatly increased medial thickness (B). In the 
stenotic region, the lamellae in the media are fragmented (D) and a focal area of proliferation is observed on the intimal aspect of the vessel that 
accompanies some SVAS lesions, particularly those of the hourglass type (E). Original magnification, ×100 (A and B); ×400 (C–E). Reproduced 
from American Journal of Human Genetics (73). Mice heterozygous for targeted inactivation of Eln (+/–) show increased number and decreased 
thickness of lamellae (G and I) compared with control (+/+) (F and H). Reproduced from ref. 68. Knockout mice rescued by a human bacterial 
artificial chromosome transgene (–/–BAC) (K) have only 30% of normal levels of elastin in the aorta, but thickness of the media is significantly 
increased relative to control (J). Reproduced with permission from Circulation Research (81). Complete loss of elastin in homozygous knockout 
mice (–/–) (M) show neonatal obstructive disease of the aorta. Control aorta at postnatal day 0.5 shows robust elastin staining (L). Reproduced 
with permission from Nature (80).
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Proposed mechanisms of elastin signaling. (A) A 67-kDa EBP is thought to form a receptor complex with protective protein/cathepsin A (PP) and 
transmembrane sialidase/neuraminidase (Sase). Elastin peptide binding to the receptor activates the L-type Ca2+ channel and G-proteins (Gα, 
β, γ) to activate the MAPK pathway (92). (B) A different pathway postulates a GPCR for tropoelastin. GPCR-elastin binding depresses cAMP 
levels by inhibiting adenylate cyclase (AC) and leads to increased actin polymerization through the Rho kinase pathway (87). (C) Cells can also 
sense the elastin content indirectly by binding to elastic fiber components such as fibrillins and fibulin-5 via integrins.
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tisystem disorder.  In Williams-Beuren syndrome: 
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syndrome:  from presentation  to  contemporary 
open surgical and endovascular treatment. Perspect. 
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